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DISPLACEMENT ENCODER, DEVICE
COMPRISING SUCH AN ENCODER AND
METHOD OF MANUFACTURING SUCH AN
ENCODER

FIELD OF THE INVENTION

The present invention relates to a displacement encoder for
a moving shait and, more particularly, to an encoder compris-
ing a sleeve imtended to be clamped on the shaft and an
encoding zone having at least one polarized magnetic mark.

In many applications, 1n particular for wheel shafts, output
shafts of gearboxes or crankshaits of internal combustion
engines, the shafts are equipped with angular or linear dis-
placement encoding devices 1n order to know their instanta-
neous speed and/or their position and/or their direction of
displacement.

BACKGROUND OF THE INVENTION

The encoding function can be carried out by one or more
polarized magnetic marks which form an encoding zone
whose displacement 1s detected by a magnetic field detector
disposed facing this encoding zone. For this type of encoder,
it 1s known, 1n particular from the document FR-A 2 777 060,
to produce the mark or marks of the encoding zone using a
territe filled elastomer layer, that 1s to say a polymer of the
clastomer type containing a high proportion of magnetic par-
ticles such as, for example, ferrite powder, which 1s adherized
during 1ts moulding onto the sleeve of the encoder. Such a
solution 1s practical to use because of the formation of the
magnetic layer and of the polarized marks, and the adheriza-
tion of this layer to the sleeve during the moulding process.

However, the magnetic field created by the fernite filled
clastomer does not reach a suflicient intensity for certain
applications, in particular when the air-gap between the
encoding zone reaches a value that 1s too large because of the
space available for the magnetic field sensor or because of the
variations in the air-gap during the functioming of the device.
In order to improve the intensity of the magnetic field created
by a ferrite filled elastomer, 1t 1s known to increase the pro-
portion of magnetic particles. However, the densities ol mag-
netic particles henceforth achieved make the ferrite filled
clastomer too fragile and crumbly for certain applications.

OBJECTS AND SUMMARY OF THE
INVENTION

The purpose of the present invention 1s to overcome these
disadvantages by proposing a displacement encoder adapted
to generate an intense magnetic field whilst being usable in
applications where severe mechanical stresses exist, such as
vibrations, and possibly in which the environment can be
chemically aggressive.

For this purpose, the present invention relates to a displace-
ment encoder of the said type, characterized in that the encod-
ing zone comprises at least one permanent magnet disposed
against the sleeve and adapted to form at least one polarized
mark and 1n that a layer of elastomer 1s overmolded and
adherized on the magnet and at least on a part of the sleeve.

The elastomer layer thus produced makes 1t possible to
ensure a robust mechanical bond, 1n particular 1n the presence
of vibrations and thermal expansions, between the magnet
and the sleeve, whether the latter 1s made of plastic or metal,
due to the chemical bond created between these parts by
adherization. Moreover, the overmoulding creates a layer
which 1solates the permanent magnet from the external envi-
ronment.
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The permanent magnet or magnets of the encoding zone
form magnetic marks having high intensity, which are more
casily detected by a magnetic field sensor. Tests show that the
magnetic intensity of the marks can reach values two times
higher than with ferrite filled elastomer for encoders that are
otherwise comparable.

The fact that the permanent magnet or magnets are pro-
tected by an elastomer layer allows the use of standard mag-
nets which do not have particularly high resistance to chemai-
cal oxidation specifications, such as for example ferrite-based
magnets, which makes it possible to limit the cost of the
encoder.

In preferred embodiments of the invention, one or other of
the following arrangements are also used:

the permanent magnet has a rear face disposed at least
partially against the sleeve, a front face opposite to the
rear face and side faces connecting said rear and front
faces, the elastomer layer covering the side faces having,
a thickness at least five times greater than the thickness
of the elastomer layer covering the front face, which
makes 1t possible to produce a good compromise
between the protection of the magnet, the dimensions of
the encoder and its mechanical strength;

the sleeve has a bearing portion against which the magnet
bears, said magnet covering the major part of the width
of the bearing portion;

the permanent magnet 1s made of sintered magnetic par-
ticles, and preferably of the samarium-cobalt type;

the permanent magnet 1s a plastomagnet and preferably a
plastomagnet of samarium-cobalt type which has the
advantage of retaining a strong magnetic field when the
temperature rises;

an annular lip formed 1n one piece with the material of the
clastomer layer 1s designed to come 1nto contact with a
fixed casing surrounding the shatft;

the sleeve has an annular collar extending radially, against
which 1s disposed the permanent magnet which has the
shape of a flat ring;

the sleeve has a cylindrical surface extending parallel with
its longitudinal axis, surrounded by the permanent mag-
net which has a tubular shape;

the encoding zone 1s formed from a plurality of permanent
magnets.

Moreover, the mnvention also relates to a device comprising,
a moving shait and a displacement encoder which comprises
a sleeve clamped onto the shait and an encoding zone having
at least one polarized magnetic mark and adapted to encode a
displacement of the said shaft, characterized in that the
encoding zone 1s formed from at least one permanent magnet
disposed against the sleeve, and 1n that an elastomer layer 1s
overmolded and adherized onto the magnet and at least onto
a part of the sleeve.

This device can furthermore comprise a casing filled with
liquid, or with grease, 1n which the rotary shait penetrates,
and an annular l1p, made 1n one piece from the material of the
clastomer layer, which 1s 1n sliding contact with the casing
and ensures the fluid-tightness between said shaft and said
casing.

It will be noted that 1t can be a device comprising a rotary
shaft or a shaft sliding in the longitudinal direction of the
latter, the displacement encoder having an encoding zone
whose shape 1s adapted to encode an angular displacement or
a linear displacement respectively.

Furthermore, the invention relates to a method of manu-
facturing a displacement encoder comprising a sleeve made
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ol magnetic material, at least one permanent magnet adapted
to form an encoding zone and an elastomer layer, said method
comprising the steps of:
surface treatment of the sleeve using an appropriate treat-
ment comprising the deposit of an adherization layer;
surface treatment of the permanent magnet using an appro-
priate treatment comprising the deposit of an adheriza-
tion layer; and then
positioning of said sleeve and of said at least one perma-
nent magnet 1 a mould;
overmolding of the elastomer layer onto the magnet and at
least a part of the sleeve; and
vulcanization of the elastomer layer.
This method can also comprise an operation of forming
polarized marks by the application of a magnetic field to the
permanent magnet, after the step of overmolding.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the invention will become
apparent during the following description, given by way of
non-limiting example, with reference to the appended draw-
ings in which:

FI1G. 11s a simplified longitudinal cross-sectional view of a
shaft provided with an encoder according to a first embodi-
ment of the invention;

FIG. 2 1s a cross-sectional view, similar to FIG. 1, of a
second embodiment;

FIG. 3 1s a cross-sectional view, similar to FIG. 1, of a third
embodiment.

MORE DETAILED DESCRIPTION

The same references have been used 1n the different figures
to denote 1dentical or similar elements.

As can be seen 1n FIG. 1, the angular encoder 1 comprises
a sleeve 2 clamped 1n rotation onto a rotary shait 3 through the
opening of a fixed casing 5. Polarized magnetic marks are
provided 1n a zone 6, called the encoding zone, of the encoder.

The fixed casing 5 surrounding the angular encoder 1
serves as a fixed base for a sensor 7 firmly attached to the
casing by the intermediary of a plate 8.

The rotary shaft 3 can be constituted by any rotary machine
shaft, such as for example a transmission shait or a wheel
shaft. It will be noted, on the one hand, that the angular
encoder 1 1s not necessarily placed on a portion of the shaft
surrounded by a fixed casing, but can be placed at a distance
from any casing or bearing seeing that a sensor can be held
close to the encoding zone 6. Furthermore, it could be a shaft
carrying out a movement of translation along 1ts longitudinal
axis X.

The sleeve 2 1s made of metal and 1s mounted on the rotary
shaft 3 by force fitting. This particularly simple fitting makes
it possible to immobilize the sleeve 2 1n rotation and 1n trans-
lation with respect to the shatt 3. It 1s possible however to use
any other fitting which ensures immobilisation of the sleeve
in rotation with respect to the shaft. The use of a sleeve made
ol plastic or of thermoplastic elastomer can also be envisaged.

The encoding zone 6 has a shape, 1n this case flat annular,
and a number of polarized marks adapted such that its dis-
placement with the shait 3 makes 1t possible to determine, for
example, the angular position, the speed of rotation or the
direction of rotation of the shatt.

The polarized marks of the encoding zone 6 are formed by
a succession of angular sectors alternately polarized north-
south, possibly with a non-polarized sector or a polarized
zone which 1s greater or smaller than the others, 1n order to
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determine an absolute angular position of the shaft. The
encoding zone 6 therefore forms a circular track in this
embodiment. However, 1f the angular encoder 1s used solely
for detecting a rotation or a direction of rotation of the shatft,
the presence of polarized marks over the whole of the periph-
ery of the sleeve 2 1s not necessary.

The sensor 7 must be adapted to detect a variation 1n the
magnetic field and 1t 1s possible to use, 1n particular, a Hall
elfect sensor or equivalent 1n order to do this. The sensor 7 1s
positioned 1n a static manner facing the circular encoding
zone 6 formed by the polarized marks, in order to detect the
variations in the magnetic field.

The encoding zone comprises a permanent magnet 4 which
generates a bipolar or multi-polar magnetic field 1n order to
form one or more polarized marks detected by the sensor 7. It
can be any known type of magnet which 1s 1n the form of a
rigid part produced before the manufacture of the displace-
ment encoder 1. Permanent magnets generate more intense
fields than those that can be obtained with a material of the
territe filled elastomer type, such that the air-gap, that1s to say
the distance separating the encoding zone from the sensor 7,
can be greater, or 1t 1s possible to use a less sensitive magnetic
SEeNsor.

The type of permanent magnet 4 1s chosen in particular
according to 1ts cost and the intensity sought for the polarized
marks. By way of example, the permanent magnet 1s of the
sintered type, that 1s to say formed of magnetic particles
agglomerated together by sintering, also called ceramic mag-
nets. This type of magnet, such as for example the magnets
comprising strontium ferrite or samarium-cobalt, generates
magnetic fields stronger than those generated by ferrite filled
clastomers, of the order of twice as strong in the case of
samarium-cobalt. Sintered magnets based on samarium-co-
balt have a low loss of magnetic field when the temperature
rises, and are therefore advantageous for producing encoders
having to function over a wide range of temperature, for
example from -50° C. to +250° C.

It1s also possible to use a plastomagnet which 1s in the form
of a relatively rigid part 1n which the magnetic particles, such
as for example rare earths, strontium ferrites or samariums-
cobalt, are bonded by a plastic or a thermoplastic elastomer.
Certain plastomagnets, and 1in particular those of the
samarium-cobalt type, have the advantage ol generating
intense magnetic fields that are stable over time. Furthermore,
they can be produced 1n varied shapes.

The magnet 4 has a rear face 4a disposed against the sleeve
2, afront face 4b opposite to the rear face 4a and side faces 4¢
connecting the front and rear faces. It will be noted that the
rear face 4a 1s not necessarily entirely 1n contact with the
sleeve 2. In fact, the sleeve can comprise reliefs for position-
ing the magnet, such that spaces can remain between the
sleeve 2 and the magnet 4.

A polymer layer 10 1s overmoulded over the magnet, and
more precisely over all of its apparent faces (4b, 4¢) when 1t
1s disposed against the sleeve 2. The polymer layer 10 1s also
overmoulded over a part of the sleeve which 1s adjacent to the
magneit.

The polymer used for producing the layer 10 1s an elas-
tomer. This type of polymer, comprising natural or synthetic
rubbers, makes 1t possible to ensure the mechanical fixing of
the permanent magnet 4 on the sleeve 2 thanks to its adher-
1ization to metal and plastic materials capabilities. Moreover,
they have good resistance to mechanical stresses, 1n particular
to vibrations and to thermal expansions, as well as a satisfac-
tory resistance to most of the chemical products that can be
encountered 1n the environment of a displacement encoder. It
will be noted however that the external surface of the elas-
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tomer layer 10 can be covered by an additional thin protective
layer made from another polymer, such as PIFE which has a
particular resistance to certain chemical products.

The elastomer layer covering the front face 46 of the mag-
net has a thickness el measured perpendicular to the front
face, whereas the side faces 4¢ are covered by an elastomer
layer having a thickness €2. The thickness €2 of the elastomer
layer covering the side faces 4¢, which extend as far as the
sleeve 2, 1s at least five times greater than the thickness el
over the front face 4b, 1n order to obtain a good compromise
between the mechanical holding of the magnet 4 on the sleeve
2 obtained by adherization, the dimension of the displace-
ment encoder along the longitudinal axis X of the shait and
the protection of the magnet with respect to the environment
of the encoder. Depending on the applications for which the
displacement encoder 1s intended, this ratio between the
thicknesses el and €2 can be much higher, but in most cases
a ratio substantially equal to five 1s satisfactory. It will be
noted that, for the thickness €2, the value to take 1into consid-
cration 1s that of the minimal average thickness of the layer
present along a side face, given that on certain side faces 4c¢
the thickness €2 can be much greater 1n order that the elas-
tomer layer 10 fulfils a function other than the holding of the
magnet 4. The thickness el can be limited to a few hundredths
of a millimetre, whilst retaining 1ts protective function. It will
be noted that the possible spaces, which remain between the
rear face 4a of the magnet and the sleeve 2, can be more or less
partially filled up during the overmoulding of the elastomer
layer 10.

For the permanent magnet 4, a magnet in the form of a thin
part 1s chosen, that 1s to say one whose thickness measured
between the rear face 4aq and the front face 46, /2 in FIG. 1, 1s
substantially less than the width L of the encoding zone 6. A
thickness h of the magnet 4 within the range from one sixth to
one third of the width L of the encoding zone makes 1t pos-
sible to obtain a good compromise between the intensity of
the magnetic field generated and the dimension of the dis-
placement encoder along the X axis.

The encoding zone 6 has an annular shape surrounding the
whole of the periphery of the shaft, in particular for the
purpose of encoding an absolute angular position of the shaft
or of determining the speed or the direction of rotation of the
shaft 1n a virtually instantaneous manner. In order to form an
annular encoding zone, one or more permanent magnets are
disposed against the sleeve 2, 1n order to describe a circle
concentric with the shatt.

For example, 1n the embodiment shown 1n FIG. 1, the
sleeve 2 has an annular collar 12 extending radially with
respect to the longitudinal axis X. The circular encoding zone
6 1s therefore formed by an annular magnet 4 magnetised in a
multi-polar manner, possibly with singularities, and disposed
against the collar 12. The permanent magnet 4 has the shape
of a flat ring disposed concentrically with the longitudinal
axis X, which makes 1t possible to form the whole of the
encoding zone accurately. However, it 1s perfectly possible to
envisage producing the encoding zone by means of several
permanent magnets having the shape of an angular portion of
a tlat ring, the circumierential end faces of two consecutive
magnets being disposed one against the other in order to form
a continuous encoding zone. It 1s also possible to envisage
placing one or more magnets that are, for example, 1n the form
ol mserts in order to form a unique mark or several spaced
marks.

It will be noted that the magnet 4 has a width L. which
makes 1t possible to cover the major part, here approximately
75%, of the portion of the sleeve 2 formed by the collar 12.
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In the embodiment shown 1n FIG. 2, the elastomer layer 10
extends radially with respect to the shait 3 beyond the collar
12 until 1t comes into contact with the surface Sa of the fixed
casing. Thus, the layer 10 forms a sealing lip 11 1n sliding
rotary contact with the casing 5. The elastomer layer 10 and
the lip 11 formed 1n one piece with the latter, are produced
simultaneously during the manufacturing process.

The angular encoder 1 thus produced fulfils a dynamic
fluid-tightness sealing function 1n addition to its encoding
function. The second embodiment of the angular encoder 1s
therefore more particularly intended for a device such as an
engine or a gear box 1n which the casing 3 filled with a liquid
H, possibly under pressure, 1s traversed by a shait 3, 1n order
to provide tluid-tightness between the shaft and the casing.

In the embodiment shown 1n FIG. 2, the base of the lip 11
extends substantially in the extension of the layer 10 and 1s
curved, 1n the configuration shown, during the positioning of
the angular encoder on the shait 3. The end 11q of the lip can
comprise on 1ts surface in contact with the fixed casing 5
grooves 116 which improve the dynamic fluid-tightness
between the lip and the radial surface Sa of the casing facing

the shaft 3.

It1s of course possible for the lip 11 to have amore complex
geometric configuration in order to be adapted to the configu-
ration of the surface with which it must come 1nto contact or
in order to increase its fluid-tightness properties.

FIG. 3 shows a third embodiment similar to the second
embodiment, that 1s to say comprising a fluid-tightness lip 11
integrally formed with the protective layer 10.

In this third embodiment, the encoding zone 6 extends
longitudinally and 1s oriented radially towards the sensor 7.
The encoding zone 6 1s formed by a cylindrical tubular mag-
net 4 which closely surrounds a cylindrical wall of the sleeve
2 coaxial with the longitudinal axis X, such that the encoding
zone 1s annular and concentric with the shaft 3. The use of a
one-piece annular magnet makes it possible to obtain a high
accuracy ol positioning of the polarized marks, but the use of
several magnets 1s also possible.

The protective layer 10 covers the magnet 4, but also the
entire external surface of the sleeve 2 and thus protects the
whole of the encoder against mechanical or chemical attacks
coming from outside of the casing 5.

The sleeve 2 has a U-shaped cross-section, a first branch 20
of the U clamping the shait 3, a second branch 21 supporting
the magnet4 and the base 9 of the U making 1t possible to take

up a part of the clearance between the shait 3 and the casing
5.

The sleeve 2 of the encoder 1s produced using a method
comprising the following stages.

A surface treatment of the sleeve 2 1s carried out 1in order to
allow the adherization of the elastomer layer 10 during the
vulcanization of the latter. This treatment can vary depending
on the nature of the sleeve 10, and 1n particular depending on
whether 1t 1s a metal or a plastic sleeve. For example, the
surface treatment can firstly comprise a decreasing operation
tollowed by a phosphating operation.

The stage of treating the sleeve 2 comprises the deposit of
an adherization layer which 1s 1n the form of a very thin film
of a chemical precursor to adherization. For example, the
adhernization layer can be constituted by a phenolic resin.

The method also comprises a stage of surface treatment of
the permanent magnet 4, which can vary substantially
depending on whether 1t 1s a magnet of sintered magnetic
particles or a plastomagnet. But the treatment of the perma-
nent magnet also comprises the deposit of an adherization
layer. It will be noted that the surface treatment of the sleeve
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2 and of the permanent magnet 4 can be substantially different
because of the nature of their material and of their nitial
surtface condition.

When the sleeve 2 and the permanent magnet 4 are suitably
treated and covered with an adherization layer, they are
placed 1n a mould. The position of the permanent magnet 4
with respect to the sleeve 2 1s adjusted, for example using low
reliefs formed on the sleeve 2.

The elastomer layer 10 1s then overmoulded on the perma-
nent magnet 4 and at least a part of the sleeve 2, etther by
clastomer 1njection, or by hot deformation of a preform by
applying pressure with a part of the mould.

The mould 1s then kept at a suitable temperature over a
specified time 1n order to obtain the vulcanization of the
clastomer and thus 1ts adherization to the sleeve 2 and to the
permanent magnet 4.

The adherization of the elastomer layer 10, obtained by the
formation of a chemical bond and different from simple glu-
ing, produces an encoder 1 that 1s 1n the form of a single unit
part which cannot be disassembled and which resists vibra-
tions and thermal expansions particularly well.

The use of a single magnet makes 1t possible to accurately
form all of the polarized marks of the encoding zone 6,
particularly due to a formation of polarized marks by the
application of a permanent magnetization to the magnet 4
after its adherization to the sleeve 2.

The embodiments described above are of course 1n no way
limiting. It 1s 1n particular possible to produce an angular
encoder whose encoding zone 6 does not extent 1n a radial or
longitudinal direction but 1n a direction that 1s inclined with
the respect to the shaft.

Moreover, it will be apparent to those skilled 1n the art that
the mvention can be applied to a linear encoder, integral with
a sliding shaft, whose encoding zone comprises one or more
magnets. In this type of application, the encoding zone has
one or more polarized marks distributed along the direction of
sliding of the shaft, in order to be adapted to encode a linear
displacement.

We claim:

1. Displacement encoder for a moving shaft, comprising a
sleeve mtended to be clamped on the shaft and an encoding
zone having at least one polarized magnetic mark, wherein
the encoding zone comprises at least one permanent magnet
disposed against the sleeve and wherein a layer of elastomer
1s overmolded and adherized on the magnet and at least on a
part of the sleeve, said adhernization causing formation of
strong chemically-based bonds resulting in a robust mechani-
cal bond between said magnet and said sleeve.
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2. Displacement encoder according to claim 1, wherein the
permanent magnet has a rear face disposed at least partially
against the sleeve, a front face opposite to the rear face and
side faces connecting said rear and front faces, the elastomer
layer covering the side faces having a thickness at least five
times greater than the thickness of the elastomer layer cover-
ing the front face.

3. Displacement encoder according to claim 1, wherein the
sleeve has a bearing portion against which the magnet bears,
said magnet covering the major part of the width of the
bearing portion.

4. Displacement encoder according to claim 1, wherein the
permanent magnet 1s made of sintered magnetic particles.

5. Displacement encoder according to claim 1, wherein the
permanent magnet 1s a plastomagnet.

6. Displacement encoder according to claim 1. wherein an
annular lip formed in one piece with the material of the
clastomer layer 1s designed to come into contact with a fixed
casing surrounding the shatft.

7. Displacement encoder according to claim 1, wherein the
sleeve has an annular collar extending radially, against which
1s disposed the permanent magnet which has the shape of a
flat ring.

8. Displacement encoder according to claim 1, wherein the
sleeve has a cylindrical surface extending parallel with 1ts
longitudinal axis, surrounded by the permanent magnet
which has a tubular shape.

9. Displacement encoder according to claim 1, wherein the
encoding zone 1s formed from a plurality of permanent mag-
nets.

10. Device comprising a moving shaft and a displacement
encoder which comprises a sleeve clamped onto the shaft and
an encoding zone having at least one polarized magnetic mark
adapted to encode a displacement of the said shaft, charac-
terized 1n that the encoding zone comprises at least one per-
manent magnet disposed against the sleeve, and wherein an
clastomer layer 1s overmolded and adherized onto the magnet
and at least onto a part of the sleeve, said adherization causing
formation of strong chemically-based bonds resulting 1n a
robust mechanical bond between said magnet and said sleeve.

11. Device according to claim 10, further comprising a
casing filled with liquid 1n which the rotary shaft penetrates,
and in which an annular lip, made in one piece from the
maternial of the elastomer layer, 1s 1n sliding contact with the
casing and ensures the fluid-tightness between said shaft and
said casing.
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